Abstract: Diabetes mellitus with its limb and life-threatening complications such as diabetic foot infection and amputation are increasing at epidemic rates all over the world. The objective of this study was to determine the rate of lower extremity amputation, the risk factors and the bacteriologic profile for diabetic foot lesions. The records of all 84 patients with diabetic foot infections of a large general hospital over a 4-year period were retrospectively included. The most commonly isolated pathogens were Staphylococcus aureus (39%), Pseudomonas aeruginosa (14%), Proteus mirabilis (14%), Escherichia coli (14%), Group B streptococci (12%), and Klebsiella pneumonia (8%). The variables, independently associated with higher foot infections, were inadequate diabetic regulation (93%), peripheral neuropathy (88.1%), peripheral vascular disease (73.8%), smoking (56%), past history of ulcer (28.5%), penetrating injury (20.3%), inadequate foot wear (15%) and Charcot osteoartropathy (10.7%). The general amputation rate was 38.1%. Diabetic foot ulcers and its complication rates including infection, gangrene and lower extremity amputation in Turkey are still high. Preventive care of the foot in patients with diabetes mellitus is extremly important. Therefore early diagnosing of risk factors for diabetic foot infections in the primary care setting and their adequate therapy under multidisciplinary approach should not be neglected.
Introduction
Diabetes mellitus (DM) and its complications including foot infection with gangrene and lower extremity amputation are one of the leading causes of morbidity and mortality in diabetic patients. DM continues to increase and impose a heavy burden on the health services in the developed and developing countries. Among the Turkish population older than 20 years the prevalence of diabetes is 7.2% [1] , it is estimated also that more than 3 million people in Turkey have DM, of whom around 5-10% will, at some point, develop a foot ulcer [2, 4] . Exactly estimating the total burden of all foot complications is not easy, because the associated problems are managed by various specialties of the health services. Therefore amputation rates have been usually recommended as the indicator of the quality of foot care [6] . Foot problems can be life or limb treating frequently in the diabetic individuals. As many as 50% to 83% of all nontraumatic lower extremity amputations are performed on diabetic patients [2, 3, 7] . The most important intervention to prevent foot ulceration and its consequences is early detection and appropriate treatment of high-risk patients. Therefore primary care physicians have an integral role in ensuring that patients with diabetes receive early and optimal care for calluses and skin ulcers and deciding on referrals to multidisciplinary teams [2] . Several large clinical centers have experienced a 44-85% reduction in the rate of amputations among individuals with diabetes after the implementation of improved foot-care programs [5, 8] . Data regarding diabetic foot in our country are limited. The purpose of this article is to determine the rate of lower extremity amputation, the risk factors and the bacteriologic etiology for diabetic foot lesions.
Material and Methods

Patients characteristics
We have reviewed the charts of all type 1 and type 2 diabetic patients admitted with a primary diagnosis of community-acquired foot infection or foot ulcer over a 4-year period at a large teaching institution (1110 bed) in Ankara Numune Education and Research Hospital, Department of Endocrinology and Metabolism (ANH). The ANH (approximantely 5 million people in its catchment area) is one of the major referral centers for diabetic mellitus and its complications in Ankara. Cases were defined as subjects that were admitted to hospital for a foot infection, deemed by the treating physician to be severe enough to possibly necessitate a subsequent lower extremity amputation. During the study period, all patients referred to this hospital were managed by a specialized multidisciplinary team.
A total of eighty-four patients were investigated retrospectively. Demographic data of the participants were collected and includes the following: age; gender; clinical history; diabetes duration and treatment; and, associated comorbid conditions (e.g., hypertension, ischemic heart disease, cerebrovascular accident, history of previous diabetic foot lesion). The risk factors for diabetic foot infection were also recorded. Diabetic patients presenting with foot infection and not receiving antibiotics for the past 30 days were included to the study.
The main criteria for amputations were extensive tissue loss, intractable infection or non-reconstructable occlusive vessel disease, as judged by surgeon. The level of amputation was determined according to the result of Doppler ultrasound studies. Minor amputation was defined as debridement of dead or infected tissue, amputation of one or more digits, transmetatarsal and Symes amputation (through the ankle). Major amputation was defined as lower extremity amputation performed below, through or above the knee. Predetermined criteria were used for the diagnosis and classification of diabetic foot lesions according to the Wagner classification system. Grade 0 was defined as no open lesions, may have deformity or cellulitis; grade 1 superficial diabetic ulcer (partial or full thickness); grade 2 as an ulcer extension to ligament, tendon, joint capsule or deep fascia without abscess or osteomyelitis; grade 3 as deep ulcer with abscess, osteomyelitis, or joint sepsis; grade 4 as gangrene localized at areas of the forefoot or heel; and, grade 5 as extensive gangrenous involvement of the entire foot [17] .
Lower-extremity amputations because of nondiabetic foot diseases such as tumor or trauma and foot infection or foot ulcer secondary to other diseases were excluded from the study. Patients with amputations before our study period were also excluded from the analysis.
Bacteriological procedures
A bacterial culture was taken in clinic before medical treatment and surgical procedures. The materials used for microbiological evaluation of the diabetic foot wounds were obtained from curettage specimens and collected by scraping the base of the lesion with a sterile dermal curette or scalpel blade after debridement and decontaminating the wound surface. Purulent drainage and needle aspiration of the abscess material from deep tissues after normal saline injection were used to collect material for cultures of anaerobic microorganisms. The specimens were transported in Stuart transport medium. Anaerobic transport media were used for anaerobic cultures before prompt transfer to the anaerobic chamber.
Bacteria were identified by conventional biochemical tests and/or by an automated system VITEK (bioMerieux Vitek, St Louis). For culture of aerobes and facultative strains, the specimens were inoculated into 5% sheep blood agar (BAP), MacConkey agar, chocolate agar and Brain Heart Infusion broth (BHI). The anaerobic planting media included Brucella blood agar with 10 µg of menadione per ml, phenylethyl alcohol-blood agar and laked blood agar with 75 µg of kanamycin and 7.5 µg of vancomycin per ml. Aerobic plates were incubated at 37°C with 5% CO 2 or in air for 7 days and were inspected daily. Anaerobic plates were incubated at 37°C inside the anaerobic chamber for 10 to 14 days and were also inspected daily.
Statistical analysis
All statistical analyses were performed using the SPSS for Windows XP program, version 11.0 (SPSS Inc., Chicago, IL, USA). Unless otherwise stated, values are expressed as ±SD. Differences abnormally distributed in medians were compared by the Mann-Whitney U test and Wilcoxon test was used for the comparison of dependent groups with abnormally distributed variables.
Results
Clinical characteristics of the patient population
Eighty-four hospitalized patients, (57%) males and (43%) females, were evaluated in the study. Of these patients, 36 (42.9%) were treated with oral antidiabetics, 41 (48.8%) were insulin dependent, and 7 (8.3%) were only diet controlled. The average age of participants was 58.4 ± 9.6 years; ranging 37 to 83 years of age. Mean hemoglobin A1c was 10.3% ( ±1.9) and mean blood glucose level of 315.5 mg/dl (±107.7) at the admission. Forty-eight patients (57.1%) had leukocytosis (leukocytes >10.000/mm³) with shift to the left. There was a trend to a more proximal amputation localisation with a higher level of Hba1c and white blood cell counts. The erythrocyte sedimentation rates were elevated in 69 patients (82.1%). The mean duration of diabetes was 13.2 ± 8.8 years and 59.5% of the patients had the foot infection longer than 6 weeks. Average cumulative hospital stay was 17.2 days. For further clinical characteristics and classification of diabetic foot infections, see Table 1 . The variables, independently associated with higher foot infections, in our study population were inadequate diabetic regulation (93%), peripheral neuropathy (88.1%), peripheral vascular disease (73.8%), nicotine abuse (56%), past history of ulcer (28.5%), penetrating injury (20.3%), inadequate foot wear (15%) and Charcot osteoartropathy (10.7%). Many of the patients had the expected comorbid condition in adults with diabetes mellitus and it was as follows; diabetic polyneuropathy (88%), diabetic retinopathy (80.8%), diabetic nephropathy (55.8%), hypertension (21.6%), coronary heart failure (10.7%), stroke (4.7%), and asthma (1.2%).
Thirty-five percent of patients had gangrene and necrosis. Most diabetic foot lesions (59.5%) were localized between and on the top of the toes. Furthermore the localizations of foot ulcers were as follows; ulcers on the plantar surface: 45.2%, ulcers on the dorsum of the foot: 21.4%, ulcerations of the heel: 9.5% and above the ankle: 9.5%. During the study period, 32 (38.1%) of our diabetic foot patients were underwent a foot or a toe amputation. A major amputation of a lower limb was required in seven diabetic patients (8.4%) while twentyfive patients underwent minor amputations. The mean proportional distribution of the level of amputations for toe 16 (19%) , transmetatarsal 6 (7.1%), metatarsotarsal 3 (3.6%), below the knee 3 (3.6%), and above the knee 4 (4.8%). The exact localisations of gangrene and necrosis were obtained according to the results of doppler ultrasound studies. They have improved the results of amputation and led to a high rate of more distal amputation. There were 22 (26%) debridements and 2% split thickness skin grafts. There were three deaths from our study population during the hospital stay with 4% mortality. The metabolic disturbances like ketoacidosis, sepsis and cardiovascular insuffiency after major amputations were the main causes of our high mortality rate. A total of 5 patients with foot gangrene refused the surgical intervention and went home before the scheduled feet amputation.
Microbiological results
A total of 55 bacteria were isolated, resulting in an average of 1.8 organisms per case. Positive cultures of twenty one patients (34%) had polymicrobial etiology and thirty patients had only one organism isolated from their diabetic foot lesions. Gram-positive aerobes were isolated more often than gram-negative bacteria's (55%, 49% respectively) in the patients with diabetic foot infections. Staphylococcus aureus was the most common isolated bacteria (39% of patients) in of 20 patient wounds. Of these, 8 (16%) were methicillin-resistant S. aureus and 12 (23%) were methicillin-sensitive S. aureus. The next five most frequently occurring pathogens were as follows; Pseudomonas aeruginosa (7/14%), Proteus mirabilis (7/14%), Escherichia coli (7/14%), Group B streptococci (6/12%), Klebsiella pneumonia (4/8%). Eleven of all sixty two specimens produced no growth (17%) when cultured on solid agar, but four different anaerobic species (8%) were isolated from the deep tissue specimen that was cultured in chopped meat glucose broth. Bacteria isolated from diabetic foot infections were shown in Table 2 .
Discussion
This retrospective group study analyzed bacteriologic status, risk factors, rate and type of amputation of 84 patients with diabetic foot infections. The salient findings of this study were: poor glycemic regulation and longer duration of diabetes mellitus contributes to the development of ulcer formation, chronic foot infections and frequently lower-limb amputations of diabetic foot patients. Gram-positive aerobes are the predominant bacteria. Among the gram-positive aerobes, S. aureus was most commonly isolated from diabetic foot infections of our study population. The pathogenesis of acute foot lesions is probably multifactorial. The diabetic foot ulcer is usually the end result of existing neuropathy, macrovascular diseases or certain metabolic disturbances [4] . Risks of diabetic foot infection are exacerbated by decreased in cellular immunity caused by acute hyperglycamia and circulatory deficits caused by chronic hyperglycemia. Chronic hyperglycemia also appears to be the central initiating factor responsible for the development of all diabeticspecific complications. On the other hand chronic hyperglycemia and diabetic foot infections are related to each other. It is not easy to determine, whether chronic hyperglycemia precedes infection and amputation or whether infection leads to poor glycemic control. Decreased complement levels and defective antibody synthesis can also affect the immune defenses of the diabetic patient. The hyperglycemic environment allows bacteria to replicate at an increased rate and causes defects in leukocyte function. These defects in infection control consist of defective chemotaxis, abnormal phagocytosis, and decreased bactericidal function [9] .
The loss of protective sensation, distortion of normal anatomy and biomechanics of the diabetic foot allows repetitive pressure on plantar bony prominences, which leads to diabetic neuroartropathy (Charcot foot). This tremendous force applied to an area where the skin and the bones are not adequately supported by interosseous muscle wasting leads to breakdown of the skin [14] . The alteration in foot mechanics caused by tissue irritation and bursitis increases the infectious process. Nine (10.7%) of our patients had Charcot osteoartropathy at the midfoot with bilateral involvement. According to the Eichenholtz classification system the distribution of the stage of the patients with Charcot foot were as follows; 2 patients in clinical stage 0, 2 patients in Fragmentation stage 1, 3 patients in Coalescence Stage 2 and 2 patients in Reparative stage 3.
Clinical experience has shown that aerobic Grampositive cocci like Staphylococcus aureus are still the predominant pathogens in diabetic foot infections. Similar to many other studies in literature, Staphylococcus aureus the most common organism (39%) cultured from the foot lesions of our study population [10] [11] [12] . Candida species 3 6 therapy and need long time to healing may also be infected with MRSA [13] . The average hospital stay for 8 patients (16%) with MRSA foot infections of our study population with 31.6 days was about twofold longer than the patients without MRSA. Probably as a result of the previous use of antibiotics we found with 1.8 microorganism a lower number of isolates per diabetic foot infection compared with the results of Sapico et al. [11] , Wheat et al. [12] and Lipsky et al. [10] , who found 4.7, 4.0 and 2.1 isolates per case respectively. The most common localization for a diabetic foot lesion of the patients was the place between and on the top of the toes (59%) and the second common localization (45.2%) was the plantar surface of the foot as the results of other studies [8] . Systemic antibiotic therapy, aggressive mechanical debridement, skin grafts and strict measures to reduce weight bearing were for the most patients with diabetic foot infections (61.9%) the cornerstones of effective wound care. Oral antimicrobial therapy was instituted on the basis of the suspected pathogen and clinical findings. Severe infections were treated with intravenous antimicrobial agents with a spectrum broad enough to cover gram-negative and, gram-positive aerobes and anaerobes. The therapy was guided later by culture results. Mean duration of oral antimicrobial agents was 32 +/-12 weaks.
The overall amputation rate of our study population was 38.1%, which lies within the ranges reported in the previous studies from Turkey, although reported frequencies vary widely, as 21.9% in the study of Arslan et al., 1996 from Gazi Medical Faculty [23] ; as 36.7% in the study of Gürlek et al. 1998 [24] ; as 39.4% in the study of Aksoy et al., 2000 [25] [23] . The difference in amputation rates between our study and the other papers from Turkey might have due to poor glycaemic control, lower socioeconomic status, lack of earlier revascularisation procedures before a septic gangrene formation of the infected foot, high rate of previous foot ulceration and nicotine abuse in our population. Thirteen of our patients (16%) had osteomyelitis. They were all treated with oral antimicrobial agents after an initial short course of intravenous antimicrobial agents. Bone debridements or toe amputations were necessary for 9% of patients.
Obviously, this study has limitations. The inappropriate bacteriological procedures might be another reason for the lower number of isolates in our study. We have studied the incidence of amputations only in Ankara and evaluated only patients admitted to hospital with foot infection, thus, the selected population does not represent the entire population of people with diebetes in our country. This might cause a slight overestimation of the incidence rate. Another possible source of error is the fact that some data from microbiological results and previous amputations were probably missing.
In accordance with the findings of other studies, we found that the risk of an amputation increases with a longer duration of diabetes mellitus and poor glycemic control [15, 19] . This is mostly explained by high rates of peripheral vascular disease and diabetic neuropathy in Turkey, in part associated with high rates of smoking. Most patients of our study population with poor glycemic control and consequently high risk of foot complications had low levels of school education, thus, suggesting that also sociodemographic factors can play an important role. Although literature is scarce, it is also a common belief that patients with lower social background are more prone to diabetic complications. We found also peripheral vascular disease and peripheral neuropathy as significant risk factors for lower extremity infection. These results are consistent with other case-control studies that have shown neuropathy and vasculopathy to be pivotal risk factors for both amputation and ulceration in persons with diabetes mellitus [10, 16, 20, 21] . We found further the following variables as significant risk factors for severe foot infection; history of previous amputation, penetrating injury, inadequate foot wear and Charcot osteoartropathy.
In conclusion, our present study underlines the fact that the diabetic patients with foot infections are still at high risk for lower-extremity amputation in our country. Therefore, early diagnosing of risk factors for diabetic foot infections in the primary care setting and their adequate therapy under multidisciplinary approach should be targeted to prevent and to reduce the high limb amputation rates as declared from St Vincent's task force in October 1989 [6, 22] .
